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Colorectal cancer (CRC) is the third most common cause of cancer-related death in Malaysia; between 1987 and 1995, admission rates related to CRC increased from 8.1% to 11.9% (1) . Genetic research has suggested that CRC develops from complex interactions between environmental factors and inherited susceptibility. The current hypothesis postulates that adenomatous polyps act as the precursor of CRC based on the concept of the adenomacarcinoma sequence (2) . In general, gastrointestinal epithelial cells have rapid cell turnover and are exposed to a hostile environment in the form of either toxins or carcinogens in digested food. Therefore, gastrointestinal epithelium is the important tissue in cancer biology.
Right-sided colon lesions usually manifest as occult bleeding, whereas left-sided lesions more often present as colonic obstruction. Constitutional symptoms manifesting as loss of appetite and weight loss are frequent. The diagnosis of CRC must correlate with patient history and physical signs. An attempt should be made to obtain a tissue biopsy and to rule out synchronous lesions (3%-5%). If endoscopy is not feasible, less sensitive investigations such as barium enema or CT-colonoscopy are the alternatives (3). The Narrow-band imaging (NBI) with high-definition video and the adjunct technique of chromoendoscopy have both enhanced diagnostic accuracy during colonoscopy.
Colonoscopy is the gold standard for detecting colonic neoplasm. Good bowel preparations ensure clarity in visualization, improve diagnostics, and help to avoid complications, particularly perforation, during the procedure. Large randomized controlled trials have principally employed colonoscopy as the confirmatory investigation, with double-contrast barium enema used if total colonoscopy was technically unsuccessful (4, 5) . In the era of minimally invasive surgery, detection of early neoplasms is of the utmost importance because the evolving technology allows surgical resection to be done endoscopically. Replacing dye staining with NBI in the endoscopic system has improved diagnostic accuracy. NBI is an optical image that enhances visualization of the vessel arrangement and the pattern on the mucosal surface. Previously used in the diagnosis of colonic tumor and squamous cell carcinoma of the esophagus, NBI was then applied to diagnose conditions including superficial carcinoma in the pharynx and Barrett's esophagus, adenocarcinoma, stomach cancer, and inflammatory bowel disease (6) .
Endoscopic diagnosis had advanced into the era of pathological diagnosis, which allows assessment of the 3-D architecture of tissue and enhances diagnostic accuracy. Our aim was to explore the diagnostic validity of NBI colonoscopy as well as associated factors related to neoplastic and non-neoplastic colorectal lesions.
Materials and Methods
This was a prospective observational study conducted over a period of 1 year, from January 2014 to December 2014. The study was approved by the Universiti Sains Malaysia (USM) Ethical Committee. In total, 100 patients with variable lower gastrointestinal symptoms fulfilled the inclusion criteria and were enrolled. All participants agreed to participate by giving an informed consent.
All patients underwent bowel preparation using Oral Fleet (Pharmaforte, Malaysia) according to a standard protocol that had been explained extensively during consultation. Intravenous analgesia and anesthesia, with dosage based on bodyweight, were given before colonoscopy. A single surgeon surgeon was assigned to perform all the procedures to avoid observational bias. During colonoscopy, only one of the most suspicious lesions in each patient was analyzed using NBI colonoscopy based on Sano's classification.
The suspicious lesions were analyzed using an Olympus Evis Exera II CV-180 endoscopic video system (Tokyo, Japan) and an Olympus CF-Q180AL colonoscope (Figures 1-2) . A conventional white-light colonoscopy was performed until a suspicious lesion, mainly polyps or mucosal growth, was detected. A narrow-band light was then used for further assessment of the suspicious lesion. The suspicious lesion captured with narrow-band light was classified as normal, hyperplastic, adenoma, high-grade dysplasia, or invasive cancer; in cases of invasive cancer, images were taken to compare the lesion with Sano's capillary pattern classification ( Figure 3 ) (3). Tissue biopsy was taken for histopathological confirmation. Lesions were either biopsied or resected for histopathological analysis. Endoscopic images were captured electronically and allocated for single reader evaluation.
The categorical variables were expressed as the number of patients and percentage. Statistical differences were obtained using simple binary logistic regression. In order to generate accurate NBI, especially in comparison to the gold standards of histopathological examinations (HPE), the receiving-operating curve (ROC) was used to generate the area under the curve, sensitivity, and specificity. Statistical analysis was performed using SPSS version 22.0 (IBM Corporation, Armonk, New York, United States)).
Results
A total of 100 patients (62 men, 38 women) were recruited for the study. Their mean age was 57.5 years old. The most common indications for colonoscopy were altered bowel habit (68%) and per rectal bleeding (53%). Lesion were most commonly (64%) located at the rectum and sigmoid colon. Patients with multiple lesions will be excluded. Based on HPE, hyperplastic lesion was the most common type of non-neoplastic lesion, and high-grade adenoma and invasive cancer were the most common neoplastic type (Table 1) .
Weight loss and lesion site were significantly associated with HPE outcomes, even after other variables were controlled. Among our 100 patients, 30% had lost weight, usually 3 kg or more, over a 3-6-month period; the weight loss was unintentional and without any planned dietary changes. The odds ratio of weight loss was 0.348, and it was statistically significant (P = 0.045). The odds ratio of rectosigmoid lesions was 2.787, which was also statistically significant (P = 0.025). Therefore, weight loss and lesion site are the important variables that can be used to diagnose neoplastic lesions (Table 2) .
ROC analysis showed that the sensitivity and specificity of NBI were 88.2% and 71.9%, respectively. It indicated an acceptable level of agreement with the gold standard (i.e. HPE). The analysis also showed that the area under ROC was 0.801, indicating that NBI had a good discriminative ability to differentiate between disease and non-disease (Table 3 and Figure 4 ).
Discussion
Colorectal polyps are abnormal raised mucosal lesions in the bowel lumen that are characterized by their gross appearance as sessile or pedunculated. Researchers have postulated that the development of polyps is a precursor of CRC based on the concept of the adenoma-carcinoma sequence (2) . Premalignant polyps are usually referred to adenomatous polyps and further classified into three common entities either tubular (with branched, tubularappearing glands), villous (with long frond-like projections of surface epithelium), or tubulovillous (containing both tubular and frond-like epithelium). Tubular adenomas are the most common type, comprising about 85% of large bowel polyps, and are typically pedunculated. About 10%-15% of polyps are tubulovillous and 5%
Although colonoscopy is the gold standard for diagnosing colorectal pathology, it is always a challenge to detect early neoplasms, especially when they are small and flat. There has been general acceptance in Japan that early malignancies in the alimentary tract may not appear polypoid or ulcerative (8) . The desire for better recognition of such malignancies, which may be difficult to distinguish from non-specific inflammation or trauma, has prompted physicians to envision new endoscopic technologies capable of revealing cancer-specific images of the surface structure of the mucosa. It is within this context that NBI was developed as a promising way to facilitate early endoscopic diagnoses. NBI has been suggested as way to improve diagnostic accuracy. The first randomized US study showed negative results, but a subsequent comparative study on NBI in the UK was more positive, particularly regarding the detection of flat lesions (5,7). In our study, we looked at the ability of real-time NBI colonoscopy pictures to differentiate between neoplastic and non-neoplastic lesions. Vascular pattern analysis can be useful in determining the type of abnormal lesions, as tumors are always associated with neo-vascularization. The Vascular patterns adopted from Sano's classification were used in this study. It has a sensitivity of 90.9% and a specificity of 97.1% (3). We analyzed 100 patients who had suspicious lesions; each patient's most abnormal lesion was analyzed using the NBI system. By analyzing the spectrum of vascular patterns from NBI (based on Sano's classification) compared with histological findings, we were able to differentiate non-neoplastic and neoplastic lesions, with a sensitivity of 88.2%, a specificity of 71.9%, and an area under ROC curve of 0.801 (95%CI: 0.698-0.903). These results had an acceptable level of agreement with the gold standard (i.e. HPE). The area under the ROC curve (0.801) indicates that NBI has a good ability to differentiate between disease and non-disease. Therefore, when early neoplastic lesions are suspected, it is probably justifiable to start initial treatment either by polypectomy, endoscopic mucosal resection, or submucosal dissection. In any lesions determined to be negative (non-neoplastic) based on NBI, we suggest that it is safest to confirm tissue diagnosis by biopsy before proceeding with expectant management or surgery. Even lots of high grade dysplasia and invasive cancer in detected lesions, NBI's sensitivity and specificity in qualitative diagnoses were lower than in past reports. This happened because our study was limited by the use of NBI colonoscopy without optical magnification; diminutive lesions were possibly missed. Moreover, we have not overcome the NBI colonoscopy learning curve. Besides, this study was limited by a small sample size.
Machida et al. reported that NBI improved endoscopic visualization without the need for any dye solution (1). They found that diagnostic accuracy was higher with NBI than conventional colonoscopy (93.4% vs 79.1%) and equal to chromoendoscopy using indigo-carmine dye spraying (1). Uraoka et al. also reported that detection of adenomas and flat lesions was higher with NBI than with colonoscopy (5). Pit patterns have also been used to evaluate colorectal polyps with statistically significant results (2). Bowel preparation is always an important prerequisite for successful colonoscopy procedures. However, even with suboptimal preparation, NBI or optical chromoendoscopy can still analyze mucosal lesions because no stain is needed for the mucosa. The risk of CRC increases with age. Various studies have shown the strong relationship between colorectal polyps and CRC, and there is universal agreement that preexisting polyps are the major risk factor for development of CRC. Okamoto et al. reported that the frequency of right-sided colon cancer increases with patient age (8) . Colonoscopy may be indicated in the elderly for CRC screening because half of colon carcinomas may be missed if sigmoidoscopy alone is used for screening (9) . Our results showed no association between age and HPE results, probably because of small number of patient. However, more and more young patients (youngest in the present study: 27 years) have had colorectal neoplasms. Therefore, high-risk patients with symptoms of colorectal diseases should undergo complete colonoscopy examination or at least sigmoidoscopy for assessment. If a CRC diagnosis is made in a very young patient, hereditary CRC should be suspected (10) . Even the risk of adenoma and cancer increases with age, the detection of CRC in young patients should be no different; screening and surveillance need to be especially vigilant in high-risk younger patients.
Adenomatous colorectal polyps are a well-known precursor for CRC based on the concept of adenomacarcinoma sequence. Detection of any adenomatous lesion should prompt physicians to closely follow up or remove the lesion because of potential cancer risk, especially if the polyp is larger than 1 cm in diameter or there are multiple left-sided colonic lesions (6) . Left-sided colonic polyps have a higher risk of progressing to malignancies because of an increased prevalence of high-grade dysplasia and villous-type adenomatous lesions (6) . We found that polyps at the rectosigmoid were 2.9 times more likely to be HPE-positive than those at other sites. Therefore, rectosigmoid lesions need to be closely monitored and perhaps warrant excision when they appear highly suspicious. Based on our results and observations, sigmoidoscopy may be adequate for the screening of rectosigmoid lesions alone. Our results also showed that gross anatomical features of the polyps, such as site, shape and size, play an important role in differentiating neoplastic from nonneoplastic polyps during endoscopic diagnoses. These can be enhanced by other adjunct methods like chromoendoscopy, high-definition cameras, or NBI.
Despite using a basic NBI colonoscopy system in our center, we were able to find that the majority of lesions' mucosal characteristics had similar vascular patterns as those found in previous studies. If optical magnification and high-definition monitors are used in future studies, we can probably perform highly selective biopsies in the most suspicious areas and then analyze additional mucosal characteristics to diagnose neoplastic lesions with good accuracy. These further refinements of NBI would probably be most helpful in the detection of small adenomas. With regard to screening colonoscopies, they can reduce CRC morbidity and mortality. Evidence suggests that colonoscopy screenings can reduce the incidence of CRC, presumably because adenomatous polyps, the precursor to CRC, are removed. At present, a multicenter randomized controlled trial using an appropriate NBI system is being conducted in Japan to evaluate the efficacy of screening and surveillance colonoscopies. We believe that in the future, NBI should be used in conjunction with screening and surveillance colonoscopy.
The primary limitation of this study was our patient selection. Selection was not randomized, and the small sample was from only one tertiary center.
NBI in colonoscopy is capable of distinguishing neoplastic from non-neoplastic colorectal lesions. It has better diagnostic accuracy than colonoscopy alone, as well as a good discriminative ability. NBI results have an acceptable level of agreement with HPE, the gold standard. However, the role of NBI in screening and surveillance in Malaysia still needs further evaluation and exploration, especially as there are no current screening programs. A current pilot study and additional efforts are underway to support and establish evidence for this type of screening program. As for surveillance, NBI is still not widely available in Malaysia. We hope that our result provides local health-care providers with the necessary information to further explore its use.
